Reports from food disappearance and food intake surveys, and from prospective and intervention studies appear to support a contributing role for sugars-sweetened beverages in obesity. Often these studies are interpreted to imply that there is a direct causal link between sugars consumption, especially from beverages, and obesity. The purpose of this review is to determine if the associations reported between sugars consumption and obesity are biologically plausible. The evaluation of biologic plausibility is examined by answering the following five questions: (1) Do sugars and sugars in solutions bypass food intake regulatory systems? (2) Do sugars and sugars in solutions suppress food intake? (3) Do sugars sweetened, commercially available beverages (e.g. soft drinks) suppress food intake? (4) Do sugars in solid form stimulate intake regulatory systems and suppress food intake more than those in beverages? and (5) Do energy-containing beverages contribute to energy imbalances because regulatory systems for hunger and thirst interact? It is concluded that the associations between sugars-sweetened beverages and obesity must be viewed as circumstantial because biological plausibility, based on known physiologic mechanisms regulating food intake and energy balance, and short-term experimental studies, does not support cause and effect conclusions.
Introduction
Although the etiology of obesity is multifactorial and the underlying reasons for the rapid increase in prevalence remain unclear, sugars and sweeteners have received considerable attention for several reasons. The increased prevalence of obesity has occurred concurrently with increased availability of energy-containing sweeteners, 1,2 replacement of sugar (sucrose) with high fructose corn syrup (HFCS) in foods and beverages, 3 and increased consumption of energy-containing sweetened beverages, especially by children and adolescents. 4 Reports from food disappearance and food intake surveys, and from prospective and intervention studies, appear to support a contributing role for sugars-sweetened beverages in obesity. Often these studies are interpreted to imply that there is a direct causal link between sugars consumption, especially from beverages, and obesity. However, these reports have many limitations as reviewed in these proceedings by Pereira. 5 Furthermore, the unique role among carbohydrates as proposed for sugars and sugars-sweetened beverages in obesity is not supported by either experimental studies nor by biological plausibility, a key component of the evidence required to characterize the association as causal. Short-term experimental studies show that sugars consumption in beverages reduces short-term food intake. Biological plausibility is not supported by current knowledge of the physiologic mechanisms of food intake regulation. Absence of biological plausibility leads to the hypothesis that the associations found between the consumption of sugarssweetened beverages and obesity are more likely to be because their consumption is associated with a habitual dietary pattern at life style that promotes obesity and not to their sugars content per se. The purpose of this review is to determine if the associations reported between sugars consumption and obesity are biologically plausible based on the effect of sugars on physiologic mechanisms regulating food intake, and on post-prandial satiety and food intake. The evaluation of biologic plausibility is examined through the following five questions. 4 . Do sugars in solid form stimulate intake regulatory systems and suppress food intake more than those in beverages? 5. Do energy-containing beverages contribute to energy imbalances because regulatory systems for hunger and thirst interact?
To provide background to these questions a short review is provided first on the composition of sugars and their availability in the food supply.
Background
Sugars composition Sugars rather than sugar, refers to the sweet tasting monosaccharide, disaccharide and trisaccharide forms of carbohydrate. 6 The simplest molecule of sugars is the monosaccharide and includes galactose, fructose and glucose. Disaccharides, include lactose, maltose and sucrose (sugar) and trisaccharides, include raffinose (found in cottonseed and sugar beets). 7 All of these sugars provide approximately 4 kcal/g. Glucose, called dextrose in the food applications, is produced from cornstarch; liquid glucose is also known as corn syrup. Fructose is the sweetest of the sugars and is mostly found with glucose, in the form of sucrose and partially hydrolyzed sucrose in fruits and vegetables. 8 Free fructose, in the monosaccharide form, is present only in honey and a few fruits (dates, figs, apples, grapes and most berries). Sucrose is the commonly used household 'sugar', or 'table sugar', and is extracted mainly from sugarcane or beet. Sucrose is a disaccharide composed of 50% glucose and 50% fructose linked by a 1-4 glycosidic bonds and widely used as an energy-containing sweetener in foods and beverages. However, when sucrose is added to acidic solutions, such as soft drinks or fruit-flavored drinks, it is usually completely hydrolyzed to its monosaccharide components by the time it is consumed.
HFCS is a nutritive liquid sweetener derived from cornstarch and contains the monosaccharides, fructose and glucose in varying proportions. 9, 10 The most common forms of HFCS are HFCS 55 and 42%. HFCS 55% is composed of 55% fructose and 45% glucose and is primarily used in sweetened soft drinks. HFCS 42% is composed of 42% fructose and 58% glucose and is primarily used in solid foods such as jams, jellies, baked goods, canned goods and dairy products.
Sugars: availability in the food supply Sugars availability in the food supply and the substitution of HFCS for sucrose in many foods and beverages in the United States has increased concurrently with the increased prevalence of obesity. 3 However, the increased availability of sugars is not disproportional to many other components of the food supply and current HFCS foods and beverages are of similar composition to those that previously used sucrose. National food disappearance data are a statistical compilation of food available for consumption within a country, reported as the amount of food available per capita, and often used as an indicator of trends in food consumption. 11 Approximately 30% of this national food availability is wasted or spoiled rather than eaten, but this estimate is highly variable depending on the food. 12 Based on food disappearance data, sugars availability increased by 30% in the United States from 1971 to 1997. 1 However, while the availability of sugars has increased over that time, it has not increased disproportionately to other components of the food supply. Increases in per capita availability have occurred for most food commodities. 12 For example, US food supply data indicate an increased per capita availability of poultry (84%), fats and oils (47%), dairy products specifically milks (423%) and yogurts (111%), fruit (28%) and vegetables (72%) and even total energy (15%).
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Replacement of sucrose with HFCS The increased prevalence of obesity in the United States has also occurred at a time when HFCS replaced sucrose in foods and beverages. 3 Sucrose has declined from 86% in 1970 to 44% of energy-containing sweetener availability in 2004, whereas corn sweeteners have increased from nearly 12% in 1970 to 55% of total energy-containing sweeteners in 2004. 11 Owing to the similarity in composition of sucrose with HFCS, there is no evidence that the ratio of fructose to glucose consumed from foods and beverages has increased.
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HFCS has replaced sucrose in foods and beverages over the last 30 years in the United States for two reasons. First, HFCS is a preferred sweetener by many food and beverage manufacturers because of its characteristics, including higher stability and crystallization control compared with sucrose. In addition, the sweetness of HFCS is set at 120 relative to sucrose at 100; therefore, in some applications, less HFCS is required to make foods and beverages with the same sweetness as sugar. Finally, HFCS is used in many countries 13 where it has had a price advantage over sucrose. 10 However, attribution of an increased prevalence of obesity to HFCS replacing sucrose should also consider the fact that many countries facing the obesity 'epidemic' have not replaced sucrose with HFCS. 13 For sugars to make a unique contribution to the energy imbalance, characterized by obesity, beyond that of other energy-containing foods, the preponderance of the available evidence would be predicted to show that sugars are unlike other carbohydrates and that they fail to stimulate the physiologic mechanisms regulating food intake, to provide satiety and to suppress subsequent food intake. This is not so, as is shown in the response to the questions that follow.
The questions

Question 1:
Do sugars bypass food intake regulatory systems? Biological plausibility for association between obesity and sugars-sweetened beverages has been rationalized to be owing to the inability of physiologic regulatory systems to detect energy from sugars and sugars-sweetened beverages, therefore increasing total energy intake, 3 and leading to the development of overweight and obesity especially in children and young adults. [14] [15] [16] However, this hypothesis is not supported by known physiologic mechanisms of intake regulation. The assumption that fructose in particular does not lead to satiety signals 3 has received little examination,
but that which is available shows that food intake control mechanisms respond to its ingestion. The physiologic mechanisms regulating food intake are composed of many complex and redundant systems. 17 Carbohydrates, including sugars, stimulate many of the known mechanisms involved in post-prandial satiety. The earliest proposed mechanism by which carbohydrates regulate food intake was the basis of glucostatic theory proposed by Mayer 18 in 1953. He proposed that low-blood glucose concentrations trigger the onset of feeding and high blood glucose levels signal satiety and the termination of feeding. In support of the hypothesis, transient declines in blood glucose of the correct magnitude and time course are believed to induce meal initiation as they are detected by peripheral and central glucoreceptive elements and mapped into feeding behavior. 19 Indeed, a drop in blood glucose associates with the initiation of feeding in both animals and humans 20 but the initiator of this sudden drop in blood glucose is unknown. Consistent with the glucostatic hypothesis are the observations that carbohydrate consumption and the resulting increase in blood glucose are associated with satiation and reduced food intake. [20] [21] [22] In the short-term (up to 2 h), highglycemic carbohydrates suppress food intake more than low-glycemic carbohydrates. 2, 23 Also consistent with the hypothesis are the correlations observed between the duration of a rise in blood glucose and inter-meal interval. 24 A rapid increase and then decline in blood glucose following sucrose (1000 kJ) was found to correspond with a shortened intermeal interval whereas a smaller but sustained rise in blood glucose associated with a longer inter-meal interval after a high-fat preload containing 970 kJ of which 136 kJ were from sugar. After both treatments, meal initiation was associated with a drop in blood glucose. The results of this study were interpreted to support the view that a sustained elevation in post-prandial blood glucose concentrations is the mechanism by which satiety is maintained. However, the high-fat, low-carbohydrate treatment may have sustained satiety through satiety mechanisms independent of blood glucose. Fat produces weaker but sustained satiety compared with carbohydrates 25, 26 and releases cholecystokinin (CCK), 27 and other gut hormones which signal satiety. 28 Insulin is both a short-term satiety hormone and a longterm regulator of food intake. With glucose ingestion, insulin is released from the pancreas to the blood and transported to the central nervous system and hypothalamus and interacts with specific receptors on nerve cells to reduce food intake in a dose-dependent manner. 29, 30 When the insulin action is reduced locally within the brain, animals start seeking food. 29, 31, 32 Conversely, food intake is decreased after administration of insulin into the animal brain under a glucose clamp, 33 suggesting that insulin in the brain is a regulator of satiety and reduces short-term food intake. Based on the important role of insulin in food intake suppression, Mayer's glucostatic theory may be basically an insulin theory of the regulation of food intake. 34 Although the hypothesis that satiety is associated with the effects of carbohydrates on blood glucose and insulin is well supported by the literature, there are other satiety signals arising from carbohydrates. 35 For example, a rapid increase in the occupancy of glucoreceptors would be expected following ingestion of glucose, sucrose or HFCSs. A rise in blood glucose concentrations slows gastric emptying which would also contribute to fullness and short-term satiety. 36 A multitude of gastrointestinal peptides responding to carbohydrates include, but are not limited to, CCK, glucagon, bombesin, gastrin, somatostatin, neurotensin, glucagon like peptide-1, peptide YY and ghrelin. 28, 35, 37 Because fructose ingestion results in only small increases in insulin and blood glucose concentrations, it has been suggested recently that fructose-containing sweeteners do not stimulate satiety mechanisms. 3 But this hypothesis can be challenged. First, fructose contains similar energy content to glucose and its energy content is not ignored. For example when consumed by young men as a sweetener added to a ready to eat cereal, food intake suppression 30 and 120 min later was similar to when glucose was added. 38 Second, fructose ingestion leads to both sympathetic activation and thermogenesis, and both contribute to satiety. Fructose is more thermogenic than glucose. 39 The obligatory cost of metabolism is derived from the cost of absorption and the formation of high-energy phosphate bonds. Glucose used directly for energy, for glycogen and for fat synthesis produces thermogenisis of 2-3, 7 and 26%, respectively of the energy consumed. Fructose storage as glycogen requires 9% of the energy in fructose and synthesis of fatty acids, 26% of the energy. When consumed in large quantities fructose is disposed of non-oxidatively and about 20% is circulated as lactate. Therefore in answer to the question posed, it is concluded that sugars, like other carbohydrates, do not bypass physiologic food intake regulatory systems.
Question 2: Do sugars and sugars in solutions suppress food intake? Studies designed to test the effect of sugars in solutions on satiety and short-term food intake by taking into consideration the quantity of sugars and the time interval between the preload and the test meal have consistently shown that sugars in solutions suppress short-term food intake in children 40, 41 and in adults. 2, 23, 26 Furthermore, the magnitude of this effect is inversely related to the glycemic response that they elicit, 23, 42 consistent with that expected from physiologic mechanisms known to regulate food intake.
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Sugars and short-term food intake Many approaches have been used to assess the effect of a energy-containing preload, or of a meal, on short-term satiety and subsequent food intake. 43 A common method of measuring post-ingestive satiety to carbohydrates involves having subjects consume either a calorie-free control treatment or a fixed amount of food or nutrient (the energycontaining preload) followed a short time later by a meal (test meal) of which the subject can eat as much as desired. 2, 44 The effect of the treatment is assessed by comparing energy-containing intake in the test meal after the energy-containing preload compared with the control. Energy-containing compensation is calculated by dividing the adjustment in energy consumed in the test meal with the energy content of the energy-containing preload. 41 The factors proposed to influence short-term food intake and satiety after preloads of sugars in solutions include the following: sweetness, palatability, quantity, the time interval between the preload and subsequent meal and characteristics of the subjects (e.g. body mass index (BMI), gender, activity level and their knowledge about the treatments (kcal)).
Sucrose (sugar). The majority of studies utilizing sucrose in the liquid preloads have reported a reduction in appetite 45 and short-term food intake following the ingestion of sucrose. 26, 46 Both the dose and the time interval between the preload and the test meal determine the effect of a sucrose solution on satiety and subsequent food intake in adults. Fifty grams of sucrose in 300 ml water (approximately the quantity in one to one and a half soft drinks) is an amount of sugar that consistently reduces short-term food intake up to 60 min later in adults. 2, 46 Smaller amounts of sucrose (25 g) in water (300 ml) also suppressed food intake 1 h later in one study. 26 A larger dose of sucrose (135 g), resulted in strong feeling of fullness and reduced food intake even after 3 h. 47 Similarly, timing of the test meal in relation to the dose of sugar in solution is an important factor affecting the food intake outcome in children. In 9-to 10-year-old children, 45 g of sucrose in water suppressed food intake when the meal was given at 30, but not at 90 min later. 48 Although proximity of the timing of the preload in relation to the test meal is important, it also may be that the time interval between treatments and the test meals needs to be sufficient to initiate satiety signals independently of the meal if correction is to be made for the additional calories. Sucrose drinks 49 or desserts 50 containing 150-200 kcal and given either a few minutes before or with lunch, led to cumulative energy intake (energy from the preloads included the test meal energy) that was higher than that after non-energy-containing sweetened drinks or desserts.
Glucose. Factors that may account for the relatively strong effects of fructose on satiety include its gastrointestinal effects and absorption characteristics. 58, 59 When fructose is consumed as the sole carbohydrate source it is incompletely absorbed, and as a result produces a hyperosmolar environment in the large intestine. A high concentration of solute within the gut lumen draws fluid into the intestine. This fluid shift can produce feelings of malaise, stomachache or diarrhea, factors which would be expected to result in decreased food intake. The rate of absorption of fructose from the small intestine is slower than that of glucose, explained by differences in the absorption process between the two monosaccharides. 59 Glucose is absorbed by two glucose insulin-dependent transporters in the upper small intestine. Fructose is absorbed at a slower rate from the lower part of duodenum and jejunum by the brush-border membrane transporter, GLUT5, which is insulin independent. However the addition of glucose or starch to fructose facilitates its more rapid and complete absorption. 59 When taken with a glucose source, there is no advantage of fructose over glucose on food intake suppression whether given in liquid or solid form. Isoenergetic cereal preloads containing additions of fructose (30 g) or glucose (33.5 g) equally reduced energy intake in meals taken either 30 or 120 min later by young men. 38 Similarly, no differences in food intake 2.25 h later were observed between 50 g fructose and 50 g glucose when the preloads were given in a mixed nutrient meal containing starch.
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HFCS. Because increased usage of HFCS has occurred concurrently with increased prevalence of obesity, it has been hypothesized that fructose bypasses food intake regulatory mechanisms and leads to increased energy intake, lipogenesis and fat storage. 3 Fructose, compared with a similar amount of glucose or sucrose, induces a smaller postprandial blood glucose response, and consequently lower concentrations of the two mediating satiety hormones, insulin and leptin. [60] [61] [62] Moreover, the GLUT-5 transporter is not found in pancreatic b cells and the brain, limiting fructose entry into these tissues. Because fructose is not transported into the brain, it is suggested that fructose does not provide satiety signals by increasing energy availability as does glucose. 3 In addition, it is proposed that absorbed fructose is rapidly converted to glycerol and glyceraldehyde-3-phophate in the liver and used for fatty acid synthesis. 1, 21 Two reports provide support for the hypothesis that a high fructose diet results in involuntary increases in energy intake and storage. 63, 64 Although the results of both of these studies are consistent with the metabolic action of fructose, the diets formulated had concentrations of fructose of 17 63 or 30%, 64 well above that consumed in a typical human diet. 65 The average dietary energy intake in the United States contains only approximately 8-9% of the calories from fructose. For this reason, as well as the fact that HFCS and sucrose are similar in glucose and fructose content and have similar effects on blood glucose and insulin, 66 it is unlikely that its replacement of sucrose in food and beverages is an explanation for increased energy imbalance.
There are no published reports of the effect of HFCS compared with sucrose in beverages on short-term food intake, although, there is one report that a drink containing 60 g fructose with 15 g glucose in water failed to reduce food intake 1 h later, in contrast to the reduction observed after 75 g of glucose. 23 Thus, while a high ratio of fructose relative to glucose in solutions may be less efficacious than glucose in contributing to satiety, it may also be that the duration of satiety signals arising from high fructose solutions is different and their effect on later food intake will depend on when food is next consumed. From the foregoing it is clear that sugars in solutions decrease food intake when consumed before a meal, but dependent on the amount and time to the next meal. However, direct comparisons of the effects of HFCS compared with sucrose are required in order to test the hypothesis that their effects on energy balance are different. Their similarity in composition, however, makes this an unlikely outcome.
Therefore, in answer to the question posed, it is concluded that sugars suppress short-term food intake. Question 3: Do sugars sweetened, commercially available beverages (e.g. soft drinks) suppress food intake?
There is considerable documentation of an association between sugars-sweetened beverage consumption, increased energy intake and obesity, 67 although as noted earlier, these studies have several design limitations. These are reviewed more completely in these proceedings by Pereira. 5 Yet there is very little experimental data exploring the effect of commercial energy-containing beverages on post-prandial satiety and food intake. This is required in order to establish that the composition of frequently consumed beverages, rather than the energy they contribute, is a determinant of excess energy-containing intake. The argument against consumption of soft drinks, especially by children and adolescents, has arisen from concern that they replace consumption of more nutrient dense beverages and contribute to excess energy intake and therefore to obesity, but again cause and effect remains to be established. For example, among children aged 2-18 years who consumed soft drinks, consumption of milk and fruit juice was less than that of children who did not. Those who consumed an average of 9 oz or more of soft drinks per day had a higher mean energy intake of 2018 kcal/day compared with 1830 kcal/day for those who did not consume soft drinks, but higher energy intake with higher body weights. 4 Similarly, a 10-year longitudinal study of adolescent girls found that soda consumption increased and milk consumption decreased with time. 68 However, all beverages including milk, regular soda, fruit juice, fruit drinks, coffee and tea contributed independently to increased energy intake and sugars intake. Of the individual beverages only soda consumption predicted a small increase in BMI, but this may be simply because sodas were consumed in much greater amounts than other beverages making the association detectable. Surprisingly, the authors did not report the overall association between the increase in energy intake contributed by all beverages and BMI leaving uncertain the premise that removal of soft drinks from their diets will reduce energy-containing intakes and prevent obesity. 67 Further evidence that soft drinks are not unique among beverages in contributing to energy imbalances is provided by comparisons of their effect on post-prandial satiety and food intake with other isoenergetic beverages. Orange juice, regular cola and low-fat milk (1%) given in isoenergetic amounts (1036 kJ) and volume were found to equally reduce hunger ratings and desire to eat and increase fullness compared with sparkling water. 69 Food intake at 2 h, 15 min later was similar after all treatments, but this is not surprising given the duration between the time of the preload and the meal. 2 In the second study a 1254 kJ preload of regular cola suppressed hunger ratings and energy intake more at a meal 20 min, compared with 2 h later.
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When energy-containing beverages (360 ml, 690 kJ) were consumed at mealtime, regular cola, orange juice and 1% milk resulted in similar and higher cumulative energy intakes at the meal compared with diet cola or water. 71 It was concluded that when energy-containing beverages are provided at a meal they add to energy intake and do not affect satiety. However, this interpretation is somewhat compromised by a study design that required the subjects to consume the total volume of the beverage. Despite this requirement, there was a modest correction in meal time intake of 60 kcal for the energy in the beverages. Therefore, in answer to the question posed, it is concluded that soft drinks stimulate post-prandial satiety and reduce food intake. In this regard the literature available, although limited, indicates that they compare favorably to other frequently consumed beverages.
Question 4: Do sugars in solid form stimulate intake regulatory systems and suppress food intake more than those in commonly consumed beverages?
This question has received considerable interest and is also the subject of a paper in these proceedings by Mattes. 72 Energy compensation at a test meal following a preload has been hypothesized to depend on the form of the preload. 3, [73] [74] [75] In an earlier review by Mattes, 73 it was concluded that compensation for energy in liquid form was less precise than for solids, but if alcoholic beverages were removed from the calculations because of their stimulatory effects on appetite, compensation was calculated to be the same for fluids and solids. 76 The authors of a recent review came to the conclusion that the evidence was inconsistent and that the time lapsed between the preloads and test meals offers an explanation. 76 Seven publications were interpreted to support the hypothesis that solids are more satiating than liquids whereas eight publications provided evidence that liquids were more satiating than solids (73, 76 or 73 and 76?) . Neither of these reviews examined the question posed here because only one of the studies summarized involved added sugars. The one study most frequently quoted as an argument that the sugars in soft drinks fail to stimulate intake regulatory systems made a comparison of the effect of added sugars (450 kcal/day) in a liquid (soda) or solid form (jellybeans) over two separate 4-week periods. Soda consumption increased energy intake, consequently resulting in higher body weight gain and BMI compared with the solid form. 75 However, the pattern of consumption of the preloads was different in this study. Because the jellybeans were predominantly consumed between meals as a snack, whereas the sodas were mostly consumed with meals, the time of consumption rather than forms may have been a determinant of outcomes.
Another study often quoted in support of this hypothesis found a reduction in subsequent food intake after sucrosecontaining pastilles (solid food) compared with an isoenergetic (251 kJ) sucrose-containing drink (liquid) or water in 10 male and 10 female subjects. 47 The authors attribute the greater reduction in food intake at the meal immediately following the solid food to the impact of chewing. But, the subjects consumed the pastilles over a 10-min period, whereas the sweetened or water drinks were consumed within 2 min, beginning 20 min before the meal. Therefore, it is uncertain if sipping the beverage over a longer duration of time would have also reduced food intake. Clearly duration of exposure and chewing and sweetness are important factors because the amount of sucrose consumed was only 15 g, well below the threshold doses found to suppress food intake for sugars.
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A more direct examination of the effect of sugars in a solid compared with a liquid form failed to find a post-ingestive satiety deficit after liquids. 70 Adult volunteers consumed preloads of 300 kcal from either regular cola or fat-free raspberry cookies on two occasions either 20 min or 2 h before a meal. The preloads reduced hunger ratings and food intake equally with an effect of the preloads being time dependent. Food intake was suppressed more at 20 min compared with 2 h. More studies similar to these are required to compare the effects of liquid compared to solid forms of sugars by considering quantity in relation to the time for its effects on post-prandial satiety, food intake and ultimately, energy balance. However, if there is a difference found between the effects of liquid and solid forms of energy sources on energy balance, it can be predicted that all energy-containing beverages of similar energy density will have similar effects independent of composition. 72 Therefore in answer to the question posed, it is concluded that there is insufficient evidence available to offer a conclusion on the effect of sugars consumed in beverages compared to solid forms on post-prandial satiety and food intake.
Question 5: Do energy-containing beverages contribute to energy imbalances because regulatory systems for hunger and thirst interact? Thirst 77 and hunger 27 are the two physiologic systems driving ingestion to meet needs for fluid and energy requirements. Which of these is the primary physiologic signal initiating consumption of beverages has received little investigation. Before the ready access to the plethora of relatively inexpensive beverages that now exist in the market place, water and milk were the most frequently consumed beverages, especially by children and adolescents. All beverages commonly consumed and of similar energy density (e.g. milk, regular cola and juice) quench thirst similarly whether consumed alone 69 or with a meal. 71 Because isoenergetic beverages of differing macronutrient content quench thirst similarly, the results imply that when water is not available, especially at a meal, energy-containing beverages may be consumed primarily to quench thirst and that the requirement to maintain fluid balance overrides satiety signals arising from their ingestion. Further support for this suggestion arises from the observation that sugarssweetened beverages are not the single cause of increased energy intake form beverages. In the National Heart, Lung and Blood Institute's longitudinal study of beverage intake of adolescent girls followed over 10 years 68 all energy-containing beverages resulted in increased energy intakes. It was noted that for each 100 g (41 kcal) of soda consumed, the average daily energy intake increased by 82 kcal, suggesting that the additional energy intake arose because the beverage was often consumed at a meal and perhaps at meals with fixed serving sizes, such as those occurring while eating away from home. Under these circumstances, for example at quick service restaurants, water is rarely the preferred beverage choice of children.
Therefore, in response to the question posed, it is concluded that much more research is required in order to provide an informed conclusion on the interactions among thirst and hunger signals as determinants of either the consumption or the post-prandial satiety caused by beverages and, ultimately of the role of this interaction in the etiology of obesity.
Conclusion
The associations between sugars-sweetened beverages and obesity must be viewed as circumstantial evidence because biological plausibility, based on known physiologic mechanisms regulating food intake and energy balance and shortterm experimental studies, does not support cause and effect conclusions. Further research is required to produce definitive answers to the questions posed, but a priority should be focused on understanding the role of beverages in satisfying thirst vs hunger. As well, the role of sugars-sweetened beverages as markers of a lifestyle that contributes to excess energy intake requires exploration.
